Experimental and Computational Methods
SXRD measurements were performed at room temperature on Diamond Light Source Beamline I07: Surface and Interface Diffraction (1) . Experimental Hutch 1 was employed with data acquisition performed using a (2 + 3) diffractometer and a PILATUS 100K area pixel detector. A natural (reduced) anatase TiO 2 (101) (A 101 ) single crystal (Matek) (4 × 4 × 2 mm SXRD measurements of the A 101 interface with an ultra-thin film of water were performed at 23 mbar H 2 O (g) by introducing water vapor from a vial of ultra-pure water (18.2 MΩ cm) into the UHV baby chamber via a leak valve. Prior to use the liquid was further purified by several freeze/pump/thaw cycles. As a general trend on a variety of surfaces, 60% relative humidity (RH) gives rise to about 5 monolayers of water. (2) This commonality of behavior arises because the second and subsequent water layers are physisorbed and hence are simply a function of the RH. For example, at a higher RH of 90%, on rutile TiO 2 (110) (R 110 ) (3) , Al 2 O 3 (4) and SiO 2 (5) around 6 -7 water layers are formed. On this basis, we attribute the thickness of our ultra-S3 thin water film at 100% RH to be 10 ± 2 layers (from measurements on R 110 at near-ambient pressures) (3) . In these conditions, 13 crystal truncation rods (CTRs) (2016 structure factors) were collected. SXRD measurements of the A 101 / bulk water interface were performed by venting the baby chamber to N 2 and using a droplet cell (6) to form a water droplet on the surface. Ultra-pure water (18.2 MΩ cm) was again used, being bubbled with N 2 to remove dissolved gases. In these conditions, 15 CTRs (3910 structure factors) were collected. Reference reflections were acquired to ensure that the surface structure did not change during the course of the experiment. SXRD data were acquired in stationary scanning mode (7) at an incident photon energy of 17.7 keV and an incidence angle of 1 o . The reciprocal space indices were defined according to the same orthogonal base vectors defined in reference. (8) These were used to orient the crystal and for data acquisition. They were later transformed to a pseudo-orthorhombic surface cell of dimensions a . (9) (10) (11) Due to the low scattering factor of hydrogen, it has not been incorporated into our proposed models. SXRD modelling was performed using the ROD (9) software.
All density functional theory (DFT) calculations were carried out using the plane-wave DFT (12) implementation of the Quantum ESPRESSO package.
We used the optB88-vdw exchange -correlation functional (14) , which was recently shown to provide an accurate description of bulk water and several semiconductor -water interfaces. 
'Water Dip' STM and LEED of A 101
To test the integrity of the A 101 / water interface, we performed UHV STM and LEED measurements of a water 'dipped' surface which showed that the substrate maintains its characteristic trapezoidal terraces that are observed on the as-prepared surface in UHV. The sharp edges of the terraces indicate that water does not severely erode away the surface terrace structure -as has been previously observed with the R 110 /H 2 O (l) interface. (18) The water 'dip' procedure consists of placing (in a load lock under a flux of N 2 ) a droplet of ultra-pure water (18.2 MΩ cm) on UHV prepared A 101 surface for 30 seconds before re-introduction to UHV for measurements.
